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ABSTRACT 



This pilot study was concerned with developing instructional materials for a 
single conceptual scheme that pervades all of science — the principle of energy 
conservation. Some of the objectives of the project were to (T) determine whether a 
sequence of learning activities could be developed which would enable elementary 
school children to obtain an understanding of the conceptual scheme (2) to determine 
whether these activities would produce a progressively sophisticated understanding 
of the subordinate concepts considered to be components of that scheme (3) to 
identify the kinds of resources needed to develop a conceptually oriented elementary 
science program (4) to evaluate the efficacy of procedures used in the various steps 
of the program and (5) to identify problems that are encountered by elementary 
school teachers who attempt to use such a conceptually oriented program in science, 
particularly as these problems have implications for teacher training programs. Each 
of these objectives and the steps taken to achieve them are discussed in detail in the 
report. The last two sections discuss the findings of the study, with recommendations 
for further use of the materials and for further curriculum development along these 
lines. (BC) 
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INTRODUCTION 



This report concludes the COPES pilot study, a two-year 
project designed to test the feasibility of a K-6 science curricu- 
j_um centered on the major conceptual schemes in science. 

The rationale for such an approach to elementary science is 
the conviction that it affords both children and teachers a better 
grasp of the essentials of science than does the usual curriculum.^- 
If we want students to attain a level of understanding and appreci- 
ation of the scientific enterprise that will serve them through 
^ ® lr adult lives, it seems reasonable to begin by focusing their 
attention on the "great ideas" in science— the broad, inclusive 
conceptual schemes in terms of which we seek to account for the 
familiar facts of nature. These ideas represent the pinnacle of 
explanation in science and most clearly portray its intellectual 
and creative aspects . 



. 0 ur motivation for seeking to develop a new and different 
curriculum was the realization that general education in science 
has pretty much missed its goal of a scientifically literate adult 
public. The educated adult population holds the most naive views 
of the natural world and of the scientific enterprise itself. 
Science clearly belongs with those disciplines that traditionally 
have been regarded as essential to man's cultural enrichment; yet 
the average person evidently fails to see it in this light. It 
was primarily in an attempt to alter this situation— to pave the 
way coward greater scientific literacy among the general public — 
that the present program was initiated. 



We believe that such a conceptually oriented approach may 
have genuine survival value, that long after he has forgotten the 
facts of science, a student exposed to such a curriculum may at 
least retain an overall view of science that has not been distorted 
by undue emphasis on natural history and technology. The use of 
conceptual schemes or "big ideas" in science education is not new, 
of course; there have been numerous advocates in the past who have 
stressed these ideas in science education. But judging by the 
science curricula and textbooks that have appeared during the last 
few decades, it appears that for the most part these ideas have 
been submerged in detail. We conclude that it may be just this 
lack of focus which leaves so many students without a solid frame- 
work m science and causes them to regard it as little more than a 
vase collection of isolated facts. 



Mortis H . Shamos, 'The Role of Major Conceptual Schemes in Science 
Education," The Science Teacher . 33: 27-30, January, 1966; 

National_Science Teachers Association, Theory into Action in 
f rT^. C ! ^rriculum Development (Washington D . C . : The National 

D?c' 20C36 aC 1964) Associatlon ' 1201 16th Street, N.W. , Washington, 



It has long been apparent, well before the COPES program was 
initiated, that much more could be accomplished with science in the 
elementary grades than had been thought possible in the past. Our 
experience lends a great deal of support to this view; the motiva- 
tion toward science and the ability of children at this level to 
deal with scientific concepts do appear to have been grossly under- 
estimated. One of our'kasic assumptions was that in these formative 
years, when minds are so receptive to new ideas and modes of thought, 
it should be possible to develop a foundation in science that will 
remain a permanent part of the individual's intellectual life. 

The pilot study dealt with a single conceptual scheme that 
pervades all of science — the principle of energy conservation. 

This scheme was selected, not only because it cuts across all the 
science disciplines, but also because it seemed to afford a par- 
ticularly challenging test of the effectiveness of a conceptual 
approach to elementary science. It is a conceptual idea not easily 
grasped by students and not readily susceptible to direct experi- 
mental j verification. Yet it is one of the cornerstones of modern 
science, with which we believe every educated person ought to be 
familiar. 

The pilot study was undertaken to accomplish the following 
objectives: 

(1) To determine whether a sequence of learning activities 
that is scientifically sound and psychologically plausible can be 
developed which will enable elementary school children to obtain 
an understanding of a selected conceptual scheme. 

(2) To determine whether the learning activities that are 
developed for teaching a given conceptual scheme produce a pro- 
gressively sophisticated understanding of the subordinate concepts 
that are considered to be components of that scheme. 

(3) To determine the kinds of resources that are needed to 
develop such a conceptually oriented program in elementary science. 

(4) To evaluate the efficacy of procedures used in the 

various steps of the program, namely: (a) the identification of 

concepts; (b) their arrangement in a sequence that is scientifi- 
cally sound and psychologically effective; (c) conducting an 
experimental teaching program in a selected school system; (d) de- 
signing appropriate, valid, and reliable testing instruments; and 
(e) the selection of personnel to develop and to teach the program. 

(5) To identify problems that are encountered by elementary 
school teachers who attempt to use such a conceptually oriented 
program in science, particularly as these problems have implica- 
tions for teacher training programs. 

Each of the above-mentioned objectives and the steps taken 
to achieve them in the pilot study are discussed in detail in the 
following sections of this report. The last two sections of the 
report represent the findings of the study, with recommendations 
for future use of the materials and for further curriculum develop- 
ment along these lines. 




METHODS 



This chapter is organized in three parts to describe the 
various methods used in the overall pilot study. The first part 
deals with the methods employed in developing and revising the 
curriculum materials. The second describes the pilot teaching 
program that was conducted in two elementary schools and the testing 
program that was carried out to evaluate the effects of the teaching 
program. In the third part, the hypotheses of the study are iden- 
tified, and the methods used to test them are described. 



Developing the Curriculum Materials 



A variety of methods was used as this two-year pilot study 
progressed from the selection of the conceptual scheme to the 
final testing of materials designed to teach it. 



Exploration of the Sciences 



The first task was to identify some of the specific 
concepts related to the major conceptual scheme, conservation of 
energy. This task was initiated by inviting a physicist, a biolo- 
gist, two chemists, a geologist, and a mathematician to indicate 
ways in which the conservation principle is related to and can be 
demonstrated in their respective fields. The results of their 
efforts were reported and discussed by them during a two-day work 
conference in which a psychologist, a specialist in elementary 
science, and a science educator also took part. The conference 
yielded approximately 30 suggested demonstrations, most of which 
came from physics and chemistry. Virtually all of the suggestions 
from geology and biology were ultimately considered to be too 
sophisticated and remote from everyday experience for development 
in an elementary science curriculum. 



Development of Teaching Materials 

Regular members of the COPES staff then took these sugges- 
tions and began the task of developing teaching materials suitable 
for use in elementary school science. The pertinent literature 
was also reviewed for additional suggestions. 

Preliminary Try-outs in Local Schools . From the beginning 
it was realized that children would be needed to assist in deter- 
mining the instructional feasibility of the materials as they were 
being produced. Arrangements were made to work with children in 
two nearby elementary schools in New York City. Schedules were 
established in each school during which time selected classes of 
children were available to work with one or more members of the 
COPES staff. Tape recordings were made of some of the earlier 
sessions with children, but taping was discontinued in favor of 



anecdotal accounts of what took place. These accounts were dic- 
tated immediately after each session and made available to all 
members of the staff. 

The COPES Laboratory School . Although most of the soring 
semester of 1966 was spent in devising materials, trying them out 
with children, and then revising them, it soon became evident that 
children would be needed during the summer when schools were closed. 
This led to the organization of a COPES laboratory school. Twenty- 
two children, ranging in age from 9 to 12 years, were enrolled in 
the laboratory school during July and August. 

A science teacher was employed to carry on a regular science 
program for the children. Selected elementary science materials 
from- ESI were used in the program. It was understood by both the 
teacher and the children that children would be taken out of the 
regular program whenever needed to work with the COPES staff. 

The plan worked exceedingly well and greatly facilitated the pro- 
duction of teaching materials. However, at the end of the summer 
not all of the proposed materials had been completed. It was 
therefore necessary to organize another laboratory school during 
the fall semester . About ten children attended the COPES science 
classes for one hour on Tuesday and Thursday afternoons. 

Preparation of The Teacher's Guide . Periodically during the 
time when they were being prepared, teaching materials were reviewed 
by the scientist group referred to earlier, as well as by the 
regular members of the COPES staff. The scientists reviewed them 
primarily to pass judgment on their scientific accuracy and their 
pertinence to the conservation of energy principle. The staff 
reviewed them in terms of logical development and teachability. 

There were numerous staff consultations on each set of instruc- 
tional material as it was being developed. 

In the final stages of writing the teaching materials, an 
effort was made to use a format and a writing style that would 
communicate well with teachers. In this stage, the materials 
became known as The Teacher's Guide . Introductory material was 
prepared for each major section of the guide. Ten major concepts 
the supporting concepts for each section were presented. 
Activities designed to teach the concepts were presented in 
considerable detail. 

Preparation of Special Equipment . A set of equipment was 
designed for teaching certain activities in the mechanical energy 
segment of the sequence. Thirty— two of the sets were fabricated 
for use in the pilot teaching program* (See Appendix C for a 
description of the equipment.) 




Identifying the Concepts 

In planning the pilot study it had been assumed that, once 
the conceptual scheme of energy conservation was selected, the 
next logical task would be to identify the pertinent concepts in 
the scheme. But this is not the way it actually happened. The 
concepts were not easily identifiable until the learning activities 
began to emerge. For example, it was decided rather early that a 
sequence of activities should be designed to demonstrate 
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conservation of thermal energy when specific volumes of wa^er at 
specific temperatures were mixed. It was not until this sequence 
of activities was produced that the concepts involved could "be 
clearly formulated into declarative sentences. The same situation 
was encountered in practically every other sequence of activities 
After the concepts were identified and formulated, they were 
checked for scientific accuracy by the scientist group. (See 
Appendix B for the concepts thus identified.) 



Designing and Evalu ating the Sequence 

Preliminary Invest igation . Originally it had been planned 
that tn ere would be three segments to the conservation of energy 
reaching sequence. One was to deal with thermal energy, the second 
with mechanical energy, and the third with electrical energy. As 
the result of a number of efforts to develop suitable activities 
dealing with . electrical energy, it soon became evident that a 
segment dealing with electrical energy would depend on the support 
of certain other conceptual schemes. Thus, thermal energy and 
mechanical energy became the two principal segments of the teaching 

cprrnpnpp -3 



It was m the task of designing the present sequence that 
the services of the COPES psychologists were found to be most 
helpful. They assisted by working with the developers of the 
activities in analyzing each concept, determining what was involved 
m earning it, and ordering the concepts in a sequence where an 

understanding of each successive concept depended on an understand- 
ing of preceding ones. 



The Thermal E nergy Segment of the Sequence . By July, 1966, 
the preliminary design for the heat energy segment of the teaching 
sequence had been developed and was ready for try-out with the 
children m the COPES laboratory school. These try-outs were 
conducted by one of the elementary science consultants from the 
Great Neck schools, who had joined the staff for the summer. 

During the time the science consultant was teaching, the 
staff scientist, who had most to do with developing the heat energy 
materials, observed and assisted him. Notes were kept, and 
immediately after each session with the children, the teacher 
dictated his comments about the session. These records were later 
used m revising the teaching materials and the design of the 
sequence. 



, . The Mechanical Energy Segment of the Sequence . Concurrently 

during the summer other members of the COPES staff tried out 
certain parts of the mechanical energy segment of the sequence 
with a small group of children from the laboratory school. Since 
the mechanical energy segment had not been developed as far as the 
thermal energy segment, further refinements and try-outs of it 
were carried out with children in the fall session of the labora- 

tory school. The procedures followed were comparable to those 
used during the summer session. 

Preseque nce Materials . As work progressed on the main 
teaching sequence, it became increasingly evident that children in 
the earlier grades of the elementary school would have to develop 
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